Purpose: To evaluate the incidence of remission among patients with intermediate uveitis; to identify factors potentially predictive of remission.
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INTRODUCTION
Uveitis, as the 5 th or 6 th leading cause of blindness in Western populations, accounts for a large amount of visual disability in the U.S., 1 striking at a younger age than most of the other leading causes of blindness, and thus leading to more years of potential vision lost per case of blindness than conditions striking at a later age. Intermediate uveitis (IU), as defined by the Standardization of Uveitis Nomenclature (SUN) Working Group, is a subset of uveitis in which the primary site of inflammation is in the vitreous, particularly the anterior vitreous and vitreous overlying the ciliary body and peripheral retina-pars plana complex. 2 Clinically, inflammation predominantly affects the vitreous, often forming "snowbanks" and/or "snowballs" in association with vitreous cells and inflammatory debris. A small retrospective cohort study providing population-based natural history data suggests that while the majority of intermediate uveitis patients do relatively well, with 75% maintaining visual acuity of 20/40 or better at ten years, the course can vary widely. 3 Possible vision-threatening sequelae of intermediate uveitis include but are not limited to macular edema, epiretinal membrane formation, cataract, retinal neovascularization, vitreous cellular opacification, and retinal detachment. [3] [4] [5] The probability of remission of intermediate uveitis, and predictive factors for remission, are unclear. Valencic et al. studied 29 patients with unilateral or bilateral intermediate uveitis and found that one-third of patients achieved remission for longer than one year, with a mean timeto-remission of 8.6 years. 6 An additional study conducted by Smith et al 1973 reported a remission rate of cyclitis, a term previously used for intermediate uveitis, to be 5% in patients with variable follow-up ranging from 4-26 year follow up. 7 With regard to treatment options to induce remission of intermediate uveitis, a "4-step" approach proposed by Kaplan et al. in 1984 , suggests a trial of (local/systemic) corticosteroids, followed by peripheral retinal ablation, pars plana vitrectomy, and, finally, immunomodulatory therapy for refractory cases. 8 However, this approach has not been universally accepted; with increasing evidence of safety [9] [10] [11] and effectiveness, [11] [12] [13] [14] [15] [16] many clinicians are using immunosuppressive therapy at an earlier stage. Remission of ocular inflammatory diseases in general seems to be infrequent with antimetabolite [12] [13] [14] or cyclosporine therapy, 15 but fairly common with alkylating agent therapy. 16 However, alkylating agent therapy generally is reserved for very severe cases, because of an apparently increased risk of cancer. 9 Therefore, with the treatment approaches typically used, clinicians often are aiming to suppress inflammation in hopes that remission will occur during the period of suppression.
Because remission would be a more desirable outcome than suppression, we evaluated the incidence of remission in a large retrospective cohort of patients with intermediate uveitis, and evaluated potentially modifiable and non-modifiable factors potentially predictive of remission.
METHODS
Study Population
Patients with a diagnosis of intermediate uveitis were identified from the Systemic Immunosuppressive Therapy for Eye Disease (SITE) Cohort Study, a retrospective cohort study of non-infectious ocular inflammatory disease patients at US tertiary ocular inflammation M A N U S C R I P T
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Page 4 of 15 subspecialty centers, the methods of which have been described previously. 17 The institutional review boards of the University of Pennsylvania (IRB#1), the Massachusetts Eye & Ear Infirmary (Human Subjects Committee), the Johns Hopkins School of Medicine (JHM-IRB 3), the National Eye Institute (NEI/IRB) and Oregon Health & Sciences University (OHSU Institutional Review Board) approved the study, including waiver of informed consent for this chart review study which involved no contact with the human subjects. The study was conducted adhering to the tenets of the Declaration of Helsinki, and was compliant with all relevant laws.
Intermediate uveitis had been identified in charts in a manner very similar to that adopted Standardization of Uveitis Nomenclature (SUN) group standards, 2 as the leaders of the SUN Group were leading clinicians in the SITE Cohort Study. Those patients identified in medical records as having intermediate uveitis but who also had iris synechiae and/or a formal secondary diagnosis of anterior uveitis or some other inflammatory syndrome were excluded, in order to limit the population to classic intermediate uveitis, the population which makes up the study cohort reported here. This population includes 'pars planitis' as well as other forms of intermediate uveitis, as described in the SUN consensus manuscript, 2 whether or not a systemic disease was associated.
Data Collection Data were obtained and entered in a computerized database entry system (Microsoft Access, Redmond, WA USA) with built-in quality assurance measures allowing for correction of errors in real time. Data used for the current analysis included demographic data, the presence of systemic diseases, the presence of HLA-B27 and HLA-A29 haplotypes (when available), time between intermediate uveitis diagnosis and presentation, inflammatory findings at every visit and treatments used throughout follow-up. Collected patient demographic data included age, gender, race/ethnicity (White, Black, Hispanic, "Other") and smoking status. The systemic inflammatory diseases evaluated are summarized in the Table. Use of peripheral ablation (cryotherapy or laser), and pars plana vitrectomy were noted.
Study Outcomes
The primary outcome of this study was remission of intermediate uveitis among eyes (as opposed to patients). Intermediate uveitis remission was defined as the complete absence of inflammatory signs in an eye across all visits spanning a period of at least 90 days, in the absence of any ocular or systemic anti-inflammatory treatment. 2 Statistical Analyses Follow-up time was the sum of the time eyes at "risk" of remission were followed (until occurrence of remission, or cessation of follow-up due to censoring or the end of the study). An eye-year is 365.25 such days. The incidence of intermediate uveitis remission was calculated as the number of events per eye-year among those still under observation who had not yet had remission at presentation; 95% confidence intervals assumed a Poisson distribution. Factors potentially predictive of remission were evaluated using survival analysis. Cox regression (with 95% confidence interval bounds indicated as subscripts before and after the estimates) was used to generate crude and adjusted hazard ratios for each factor, with final models selected based on M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
associations observed in the crude analyses, and the factors of specific scientific interest. Final multiple regression models adjusted for age, sex, race, smoking status, presence of snowballs at the initial visit, the number of years since uveitis diagnosis, and whether or not peripheral ablation or pars plana vitrectomy were performed. Kaplan-Meier curves were constructed for selected variables to display the relationship with incidence of uveitis remission as a function of time. Analyses were performed using Stata 11 (StataCorp, College Station, Texas) and SAS v9.1 (SAS Corporation, Cary, NC) software. Table 1 summarizes the characteristics of the 849 eyes (of 510 patients) with intermediate uveitis meeting eligibility criteria. These had been followed over 1,934 eye-years at the participating centers. The majority of eyes belonged to females (63%) and persons of white race (86%), and half to known non-smokers (50%). All age groups were represented; 18% were less than 18 years old, 25% were between 18 and 30 years of age, 32% were between 30 and 45 years of age, and 25% were 45 years of age or older. The majority (91%, 82% of patients) experienced bilateral intermediate uveitis at some point during their clinical course. There were 43 eyes of patients with sarcoidosis (5.1%), and 40 eyes of patients with multiple sclerosis (4.7%).
RESULTS
A total of 167 remissions of disease activity, spanning at least 90 days in the absence of any antiinflammatory medication, were observed. The calculated incidence rate for intermediate uveitis remission was 8.6/100 eye-years (95% confidence interval (CI), 7.4-10.1/100 eye-years; see Figure 1 ). Table 1 . Demographic characteristics associated with greater incidence of remission included age 45 years or greater (incidence=15.0 per 100 eye-years, adjusted HR (vs. 30≤Age<45 years) = 1.79; 95% CI, 1.03 -3.11), female sex (incidence=10.8 per 100 eye-years, adjusted HR (vs. males) = 1.61; 95% CI, 1.04 -2.49), and Hispanic race/ethnicity (incidence=28.9 per 100 eyeyears, adjusted HR (vs. white race/ethnicity) = 2.81; 95% CI, 1.23 -6.41). Few cases meeting eligibility criteria were observed in Black or other races/ethnicities. Diagnosis of intermediate uveitis within the last year also was associated with a greater incidence of remission (incidence=30.6 per 100 eye-years, adjusted HR = 3.82; 95% CI, 1.91 -7.63) with respect to longstanding cases diagnosed more than five years previously. The incidence of remission was 10/100 eye-years for cases diagnosed with intermediate uveitis one to five years prior to presentation, and 5/100 eye-years for cases diagnosed over five years previously. Associated systemic diseases were not associated with significant differences in the incidence of remission, nor were bilaterality of uveitis or the presence or absence of vitreous snowballs at the initial examination.
The relationship of potentially predictive factors to intermediate uveitis remission is given in
Regarding modifiable risk factors, a history of pars plana vitrectomy was associated with an increased incidence of remission; among the 81 cases (9.5%) which (for any reason) had undergone pars plana vitrectomy, the incidence of remission was 18.6 per 100 eye-years (adjusted HR (vs. no PPV) = 2.39; 95% CI, 1.42 -4.00). Peripheral ablation tended to be associated with a higher incidence of intermediate uveitis remission, however the results were not statistically significant in terms of crude or adjusted analyses with 44 eyes treated (adjusted M A N U S C R I P T
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Page 6 of 15 HR 1.82; 95% CI, 0.88-3.78). Smoking status was not associated with differences in the incidence of intermediate uveitis remission.. Sensitivity analyses were conducted in which cases with minimal activity (e.g., "trace" or 0.5+ cells), as being effectively in remission found similar results.
Among the 167 eyes meeting criteria for remission, 27 eyes did not have sufficient follow up time after remission to be at risk of relapse. Of the 140 eyes that did, 37 eyes experienced a relapse of intermediate uveitis. With a total of 379.8 eye-years of follow up of these eyes, the incidence of relapse after remission (defined as two or more visits with activity spanning 90 days) was 9.7 per 100 eye-years (95% CI: 6.9-13/100 eye-years). An analysis of the same group of factors described in Table 1 -adjusting for age, sex, race, and smoking status-identified diagnosis with juvenile idiopathic arthritis (three of five uveitic eyes relapsed, adjusted HR=2.5, 95% CI: 1.3-4.8; absolute recurrence incidence of 26/100 eye-years) as the only known factor clearly associated with higher (or lower) risk of relapse. Smokers did not have a significantly different risk of relapse with respect to nonsmokers (adjusted HR=2.08, 95% CI; 0.80-4.08). Prior pars plana vitrectomy (five of 26 uveitic eyes relapsed, HR=0.63, 95% CI: 0.24-1.66) and peripheral ablation (one of eight uveitic eyes relapsed, HR=0.30, 95% CI: 0.03-2.90) were not associated with significant differences in the risk of relapse after meeting criteria of remission but tended in a favorable direction. In general, statistical power was limited to detect associations due to the small number of relapses observed.
DISCUSSION
The results of our large cohort of patients managed at tertiary uveitis centers indicate that intermediate uveitis is a chronic disease with a low incidence of remission, on the order of approximately 8.6 per 100 eye-years. While the two earlier small cohort studies of VidovicValentincic et al 6 and of Smith et al 7 used different methods to summarize the incidence of remission, both were in agreement in finding a low incidence of remission.
Vidovic-Valentincic et al 6 identified age<20 years and lack of associated systemic disease as factors associated with higher crude remission. Regarding age, we observed a different pattern in which the incidence of remission was highest in the oldest age group age 45 years or older, and did not tend to be lower in young cases, after adjusting for other potentially confounding factors. We also found that females were more likely than males and Hispanics than Whites to experience remission. The number of cases in other races/ethnicities was too small to evaluate remission incidence with reasonable power.
That a recent diagnosis of intermediate uveitis was associated with a greater incidence of remission seems intuitively reasonable, as many cases destined for remission might remit in the first few years, whereas those persisting for longer periods of time before referral to a tertiary center would be those which had not remitted in the first few years. Our tertiary centers were university-affiliated, and primarily receive referrals on the basis of cases' complexity, but also receive patients at a relatively early point in their clinical course should they initially report to the university facility for care. The latter cases likely are generally less severe cases, and also
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Page 7 of 15 would have received the benefit of uveitis specialty care at an earlier stage in their clinical course, each of which also could explain part of this observed association.
Regarding potentially modifiable factors, the potential beneficial role of pars plana vitrectomy in the management of non-infectious intermediate uveitis, suggested by Diamond and Kaplan in 1978, 18 has not previously been tested in a well-powered, randomized controlled trial. Our retrospective, observational results support the view that vitrectomy can induce remission of intermediate uveitis, in that prior pars plana vitrectomy represented the only therapeutic factor significantly related to increased incidence of intermediate uveitis remission in this study. However, although the incidence of remission was about 2.5-fold higher following vitrectomy, not all cases responded. Our study was unable to assess whether cases that did not remit experienced a reduction in disease severity on average. Wiechens et al. in an uncontrolled study observed a regression of cystoid macular edema in 59% of intermediate uveitis cases after vitrectomy, although the authors speculated that removal of vitreous adhesions at the macula and detachment of the posterior hyaloid plays a role in CME regression rather than invoking an effect on inflammation. 19 Immunologic-based theories exist regarding the potential anti-inflammatory role of vitrectomy in intermediate uveitis. 20 Not only does vitrectomy provide a method to mechanically decrease the current inflammatory load in the vitreous, 21 but it also potentially increases the penetration of anti-inflammatory mediators and medication through the uveal tissue. 22 Elimination of a phenomenon called vitreous cavity-associated immune deviation (VCAID), via the surgical removal of hyalocytes (the antigen-presenting cells of the vitreous) , as well as extension of anterior chamber acquired immune deviation (ACAID) to the vitreous cavity, may represent advantages of pars plana vitrectomy in reducing inflammation in intermediate uveitis-affected eyes. 23, 24 On the other hand, vitrectomy eliminates the potential for the vitreous to serve as a depot prolonging the duration of effect of injected pharmaceuticals, a potential disadvantage of the approach.
In our retrospective, observational study, vitrectomy likely was performed for indications such as epiretinal membrane, vitreous hemorrhage, macular pucker, cyclitic membranes causing hypotony, retinal detachment, and media opacity [25] [26] [27] [28] [29] [30] [31] [32] in many instances, rather than specifically to induce remission of uveitis. It is possible that in this cohort, vitrectomy tended to be performed in more severe cases that had these complications of uveitis, in which case the therapeutic benefit thereof might be underestimated. Given the potential risks of vitrectomy, our results do not provide a strong rationale for widespread use of this therapy absent clinical trial verification of safety and effecacy, especially for cases with recent onset which might remit on their own, although for selected cases (especially those with additional indications for vitrectomy) it may be a useful therapeutic approach. Prospective study of vitrectomy for induction of uveitis remission in a clinical trial, including assessment of potential benefits on disease severity and the incidence of uveitic and surgical complications, would be valuable to better understand its potential value as a therapeutic approach.
Peripheral ablation involves either laser photocoagulation or cryotherapy treatment of the peripheral retina. Previously reported benefits of this treatment include decreases in retinal neovascularization at the vitreous base, vitritis, cystoid macular edema, and/or the need for corticosteroids.
3,33 Our study did not find a statistically significant increase in remission M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
Page 8 of 15
following peripheral ablation (HR 1.71; 95% CI, 0.84 -3.45), although the range of plausible hazard ratios is broad with the available statistical power, and includes values that would correspond to a substantial effect size.
In a population-based study, evaluating 46 eyes of 25 patients in Olmsted County, Minnesota, the proportion of smokers and of multiple sclerosis patients among otherwise idiopathic intermediate uveitis patients was higher than in the general population. 3 suggesting smoking and multiple sclerosis as factors possibly involved in or associated with the etiologic mechanism of intermediate uveitis. Smoking also has been suggested as a risk factor for uveitic macular edema in intermediate uveitis cases. 34 Nevertheless, regarding remission of intermediate uveitis, our results did not suggest differences in the incidence of remission by smoking status nor with multiple sclerosis or other systemic inflammatory diseases, whether assessed individually or in aggregate. As mentioned previously, multiple sclerosis was not an associated factor either.
Recurrence of intermediate uveitis after remission occurred at a low rate as well. Juvenile Idiopathic Arthritis was associated with about a 2.5-fold higher incidence of relapse. This group had tended to have a higher incidence of remission, although not to a statistically significant degree. None of the other known factors were associated with significant differences in the risk of relapse, although statistical power was insufficient to exclude small to moderate associations.
The strengths of this study include its large sample of intermediate uveitis cases, with correspondingly favorable statistical power for many variables. While all patient charts underwent a standardized review process by expert reviewers, the study is limited by its retrospective nature. For instance, if those individuals no longer following up at the participating centers experienced a higher rate of disease remission, which is possible given that less severe cases may be less likely to make ongoing use of tertiary care, then our estimated remission rate would somewhat underestimate the true value. Likewise, enrolled patients were those seen at tertiary ocular inflammation centers, which might represent the most severe intermediate uveitis presentations, which also would contribute to underestimation of the incidence of remission for the general population of intermediate uveitis patients. However, our results still should be generalizable to the experience of tertiary centers, and it is likely that the qualitative interpretation of the remission rate as low still would be correct. Regarding risk factor associations, unless the probability of remission in relation to the potential predictive factors studied differs greatly between tertiary and other centers or between patients following up vs. those not following up (which seems unlikely), our results regarding the impact of potential predictive factors on remission incidence should be generalizable. We were limited in our ability to assess the effect of corticosteroid and/or immunosuppression with regards to the incidence of remission in this study since use thereof was defined as indicating a case not in remission, following SUN guidelines. 2 In summary, the results of this study suggest that most patients with intermediate uveitis will have ongoing inflammation for many years, during which time clinical management will be required. The results suggest the possibility that surgical intervention might be valuable in inducing remission, particularly those cases wherein vitrectomy surgery is indicated to address some other issue. A randomized clinical trial to evaluate the extent of benefit vs. the extent of M A N U S C R I P T 
